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PHYSICAL CHEMISTRY OF HYALURONIC ACID^ 

Endre a. Balazs 

Frcnn Uie Reti7ia Foundation^ DepaHm^nl of Ophtkalmplogy of the Mas^achvsctto Eye and Ear Infih 

and Harvard Medical School, Boston, MassachuseUs 



Ln BTUDTiNG the physicochemical characteris- 
tics of a polymer-type macromolecule, a conatit- 
uont of solid tissueSi the basic questions arc: 
I] What changes, if any, has the molecule under- 
g<)ne in the cottrse of the preparation procedure? 
^] Hovr represontative is tlip. pnn'fif^H ,q«.TnplR nf 
tlie macromolecules of the tissue? Since hy- 
aluronic acid is a building block of connective 
tissue, these points must be considered in study- 
ing its molecular parameters. 

Tlie two questions propounded cannot be 
answered at the outset "of such ia study, and 
therefore, certain assumptions Inust be" made. ~ 
Oac is that the purified polysaccharide, free of. 
all proteins, is the molecular entity on which 
>ysicoehemical studies should be carried o\jL 
Aaother assumption is that by removing all of 
tH proteins one may break up a nntnnlly- 
ot curring molecular complex, the physicochemi- 
cal characterization of which is of primary 
biportancc* The former stresses the purification 
pifocess and is less concerned with possible 



^ This investigation was supported by a research 
giant (B-1146) from the National Institute of 
Neurological Diaeaj^efj uud Bliaduees. Betliosda, 
Md. 

^ Paper 70, Retina Foundation, 



degradation in the course of preparatii^ 
with the yield of the method. The lai| 
phasizee the importance of a mild pref 
method and disregards the cunalderati'' 
physicochemical studies should, prefer 
made only oh molecular entities wh^ 
been chemically well characterized. BoM 
of thought are well represented in the';| 
of the last ten years on the physical chj^ 
hyaluronic acid. 

Since hyaluronic acid ean be prepfll 
proteins, with a fairly high- degre^ 
merization - retained, - this- -discusaioi^ 
with the physical chemistry of this^ 
saccharide. The purity of the hya& 
preparations used in the atudics 
this paper was tested by hexcsamin^ 
acid and nitrogen determinations, 
when the hexosamine-hexurouic 
ratio is close to one and the nitroget 
not much higher than would be 
the hexosamine content, it is assuc 
preparation is protein-free. Prnparat 
protein content of up to 5% were 
physicochemical studies. This pT-oti 
was calculated on the assumption tt 
hexosamine nitrogen represents pr^ 
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ain 16% nitrogen. Sulfur and galactusamine 
Irminations were alio used to cheek the pres- 
\ of sulfated polysaccharides, Several physioo- 
hicfii investigations were reported on 
arations which cor taincd up to ,7% of un- 
Ktifitid sulfated polysaccharides. Many more • 
I never checked for the presence of this 
lihle impurity. 

lie significance of ihe presence of proteins 
a amount of less than 5%, from the view- 
|t of molecular configuration, is unknown 
|e IS Qo way to teU at this time, what the 
I nitrogen content ir.i some prepafiitiong 
Icates. It may result from incomplete hy- 
Sysis before hexosamine dfttftrmination or 
other errors in texosamine analysis. It 
I originate from the presence- of bacteria or 
h proteins completelv unrelated to the poly- 
|haride. On the other hand, it may represent 
etide bridges cros^-Iinliing the polysac- 
jide chains. 

m present knowledic about the physical 
pistry of hyaluronic £,cid will be reviewed in 
l&cuBsion of such milecular parameters aa 



lilt, dimcnoiona, gbajc 



|; The charge effect oi the structure of this 
|c polymer and its inleractiona w^ll he men- 
id brieJ9y. 



JTaJ&IvU 1. MuLiUJCUIjAJR 




MOIiECUJ.AR 

?e molecular weight 
itt the range of m,C\0O 



Methods of Prcpai.itioii 



volume and hydra- 



of hyaluronic acid is 
to S X 10«, depending 



on the source and on the methods of pi^para- 
tion and determination. The lowest polymer is 
that prepared from the bovine vitr«yus body 
which gives a weight average molecular weight 
of less than 1 x 10». Hyaluronic Rcid prepared 
• from bovme synovial fluid, human rheumatoid 
arthritic synovial fluid, human umbilical cord 
pig skin and rooster comb exhibits a weight 
average molecular weight of well over I x 10" 
Whether or not the hyaluronic acid prepaid* 
represents the average molecule of the tissue 
depends greatly on the yield of the method of 
preparation and on how weU the total molecular 
population 18 represented in the sample. In order 
to evaluate the hyaluxvuic acid preparation 
from this aspect, one must know its concentra- 
tion in the tissue. Such an evaluation can be 
made only on the bovine vitreous body because 
of lack of data on other tissues. 

Molecular weight determinations on hy- 
aluronic acid prepared frona the bovine vitreous 
body have Iip.en reported by various authors, 
using the methods of osmotic pressure sedi- 
mentation-diffusion and hght scattermg ' (table 
i;. The methods of preparation used to obtain . 
pure hyaluronic acid from various tissues can be 
divided into two types: One ia the removal of 
the proteins present in the tissue or in the tissue 
extract by means of proteolytic enzyme treat- 
ment, by selective precipitation or by extraction 
methods. The other is baaed on the fact that the 
clectroplioretic mobility of hyaluionic acid is 



jval of proteins by 
loroform extraction 
U room and NaCl pretipitaHou 

|ene sulfonate precipitation 

iymatic hydrolysis 

lOpsin -trypsin, trichloro-acetic 

'acid prouipitation 
|apain, cetyJpyridiniuni 
pancreas extract, trichloro-acetic 
faciei precipitation 
^val of hyaluronic acid 
{ptrophoreaia 

ittrodeposition 

L ■ 



Approi. Yield 
% 



20-30 
50-^ 

20-30 



100 
100 



jttolecular WeiKht y 10-'' 



Osmotic 
Pressure CMn)* 



270 



Sodimeotation, 



246 
87 
(13) 
296 
(10) 

57 



Ligbt Scattciin;; 
CMw)t 



178 
220 



500 
340-500 
(4, 8) 
1270 

(11) 



300 



Reference 



680 



number average mDleoiilai- wAiglit. tKI - woiVK* . , . 

B ■»>-• woigbt average molecular weight 



(10) 

(4, 8, 13) 
(in, 1.1) 

(10) 

(4, 8) 
(36) 



(13) 
(10) 
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greater than that of most proteins. Separation of 
hyaluronic acid from the vitreous body and from 
synovial fluid by electrophoresis was &ctil rt?- 
ported by Blix (1), However, he did not use 
ftl«fitrnp>iorfttiftftlly prepared hyaluronic acid for 
phygicocheniical studies. Varga and Gergcly 
. (2) prepared hyaluronic acid from the bovine 
vitreous body, and this preparation was used for 
extensive physicochemical studies- The ad- 
vantage of the electrophoretic separation method 
is thatj most Ukely, the distribution of the 
molecules is the same in the puri6ed fraction as 
in the tissue extract. TTie disadvantage of this 
method is that hyaluronic acid cannot be sepa- 
rated from sulfated mucopolysaccharides, which 
have a greater electrophoretic mobihty than 
hi^aluronic acdd iteelf . . 

A new separation method, called electrodepo- 
sition, has been described recently by Rose- 
man and Watson (3). This method is also based 
on electrophoretic mobility, but uses electro- 
dialysis raachincs and collects the hyaluTNDmc aoid 
which accumulates as a paste on the dialysis 
membrane toward the anode. The advantages 
of this method over electrophoretic »S:epaTatioji 
are that lai^c volumes can be handled and the 
sulfated mucopolysaccharides can be separated 
from hyaluronic acid. In most tissue extracts 
this method alone do^vi not prodiirpi pro t/Rin- free . 
hyaluronic acid. Treatment with Celite was 
recommended in those cases to remove the last 
20-30% of proteins from the sample. 

The highest yield (approximately 100%) is 
obtained when the proteins are removed by 
pepsin hydrolysis. However, if pepsin is used, 
incubation at 37" in 0.1 N HCl is required, and 
this treatment partially- depolymerizes _the. poly- 
-saccharide, -although polymera small enoughs to_ 
be dialyzable ar« nut pnxluced. Digestion with 
papain or with crude extracts made from pan- 
(^reas and intestine does not result in a protein- 
free hyaluronic acid. However, in combination 
with phenol^ cetylpyridinium. or trichloro-acetic 
acid treatment, the- proteolytic enzyme diges- 
tion methods will result in preparations with a 
protein content of less than 5% (4-6). 

Other methods have been described for the 
preparation of hyaluronic acid free from pro- 
teins, using chloroform to extract the proteins 
(7), or usiug acid resin (8) or xylene sulfonate 
(9) to precipitate llmin. All uf these methods, 
however, result hi a yield of only 30-60%. 
Moleriiilar weight determinations indicate that 
with these different methods of preparation one 



either degrades the hyaluronic acid in vs^ 
. degrees or one "obtains fractions having v^j 
jiiuleuular w eights. J 
The lowest molecular weight sample ql 
aluronic acid (57-70 x Iff^) was preparedif 
the bovine vitreous body by the pepsic-t^ 
digestion method. This preparation wa| 
polydisperse that the light-scattering mei 
ments could not be used for molecular ^ 
calculations (10). Tho acid rcoin prccipi-l 
method also gave a sample of low mom 
weight (87 X 10^), calculated from eedi^ 
tion and diffusion data.. Using this' metH| 
purification, approximately 50% of th^' 
aluronic acid precipitates with the pr| 
during acidification and deioni^ation (8),| 
poftflible that a higher polymer fraction 
aluronic acid is removed with the prceij 
Chloroform extraction and xylene sul 
precipitation of the proteins result in a 
polymer hhaluronic acid fraction (10, ll)| 
molecular weight of hyaluronic aoid pt 
by the electrophoresis or the electrodep 
method is within the values mentioned || 
ously (136-240 X 10^) (10, 12). 

It is interesting to note that the moS 
w^i^^hts dBLerxxiined hy light-scattering me 
menta arc always higher than those detcj 
by sedimentation or diffusion studies,! 
probably because the light-scattering 
is more sensitive to the polydispensity 
sample (S, 10). . 

A comparison of the molecular weig 
hyaluronic acid prepared from bnvino 
fliiidj human rheumatoid arthritic si 
fluid, human umbiUcal cord and rooste 
^suggests, that there is no significant dU 
.in the aize _of jthe mplecutes obtaiDed^ j 
fcrcnt preparation methods (tabic 2). ^, 
the variation in the molecular weight, caj 
from sedimentation and diffusion stu 
within the error of the- determination, 
sample which, showed a significantly. ^ 
molecular weight was that prepart;d f 
rooster comb (10). Some preparati, 
happened to be studied only by light BCi 
showed a much greater variation (table ^ 
not yet possible to determine whetlier t| 
here summarized indicate that hyahtro^' 
is present in various tissues in differentj 
of polymerisation or whether the H 
were artificially introduced during prep" 
The great discrepancy sometimes found 
the molecular weight calculated iTOt 
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Source 



'vme synovial fluid 



Ljnan synovial fluid 
natoid arthritis) 
iman nmblHcal cord 



1089 



(iheu- 



loster comb 



intation-diffusion stud 
m light scatteriDg 
n iway have a 
raity. 



ies and that calculAted 
that each prepara- 
degree of polydis- 



sugiests 
differ i^nt 



^asuremcnt of double 



Metliod of Preparation 


Molecular Weiehf. X ift-c 


Reference 


SedimcntatioTij 
diEusion 


Light scattering 


Papain, cetylpyridinium 
Ultrafiltration, papain 
Electrodepoaition 
EJectrodeposition 


2.0 

1.57 

1.86 


1.6 
3.2 


(S) 
(14) 
(10) 
(10) 


X ep 5 1 n- T. rypsi n 

Papain, cetylpyridinium 

Chloroform 

Proteolytic enzymQ^^ phenol, 

cetylpyridinium 
Electrodepoeition 
Papain, cetylpyridinium 
Electrodepoeition 


1.44 
5.13 


8.0 
5.8 
3.4 
3.0 

2,7 
1.3 

1.3-4.2 


(20)' 
(8) 
. (16) 
(8) 

(10) 

(8) 

(10) 



J>IMENSI0N5, SH1API5, VOLUME, 

The conclusions drawr about the dlmenaions 
1 shape of the hyflluro.nJc acid molecule 
latly depend on the method used for its etudy, 
3<?n thpi mnkniTp^ ir (lYposed to a shearing 
ce in the course of nieasurement, as- in the 



refraction of flow, a 



:ormation and uncoiling will occur. This 
:orxaation and uncoilir g is more pronounced 

the high molecular weight hyaluronic acid 
"in in "the "low pblyirnsr ~prepared 7ffojai the" 

r60U8.body'(7; 9^11). . - 

rhe calculated dimeixrions of the molecule 
jcnd greatly on the sbii^pe assigned to it The 
al ratio (1/d) and the length calculated from 
based on viscosity, sedimentation, diffusion, 
ible rpfrartion nf flow and light^flcaftering 
dies on hyaluronic acid prepared by various 
thods from different sources, are tabulated in 
iles 3 and The length of the hyaluronic acid 
Jecule prepared from the vitreous body is 
)wccn 1600 and 3<100 A, depending upon the 
thod of preparation used. The lowest figure 
3 observed in hyahircnic acid prepared by 
)sin-trypsin. digesftion. This preparation also 
I the lowest molecubi weight (57,000)/ and 
■ length is that of an almost completely 
itched molecular chain, Blue and Snellman in 
ir viscosity and dnnblR rftfraction of flo.w 
dies derived a molecular length of 1000- 



4800 A, assuming that th^^ molecule is. a 
stretched polysaccharide chain (7), Both light 
scattering and double refraction of flow experi- 
ments, assuming a prolate ellipsoid of revolution . 
or a randomly-kinked coil, gave short.er lengths 
and indicated that the molecular chain is not 
stretched (2, 4, 8, 10-13), 

In the hyaluronic acid samples of higher 
molecular weight (table 4) the axial ratio caV 
culated from sedimentation-difihieion studies is 
qiiit-e krgft (700-2600). This dissymmetry is 
based on the frictional ratio, assuming that the 
molecule is not hydrated. The dissymmetry cal- 
culated from viscosity is somewhat lower, but 
it also involves the assumption that there is no 
hydro>tio». The cUipticity of a prolate ellipeoid 
of revolutilm, c^alcukted from: sediment 
v3 scosity data" by Blumberg ' and Ogston (W) 
was found to be 7.7. From light^cattering and 
viscosity measurements other, authors (10) found 
an even lower diissyujiiietry in the Mgh molecu- 
lar weight hyaluronic acid preparations. All 
this indicates that. thft. axial ratio nf thft large 
hydrated molecules is very low, but that of the 
lower polymers prepared from the vitreous body 
is considerably higher. 

All light-scattering studies indicate that 
hyaluronic acid ie a rondonaly-kinked coil with . 
more or less polydisperslty and stiffness (4, 8, 
10, 11, 15, 16). The length of the molecule cal- 
culated from the radius of gyration, assuming 
the above model, varied between 2400 and 6400 
A in the different high mulecular weight samples 
(table 4). This variation may be partially due 
tn the polydispersity of the preparations. 
Laurent (4) tried to correlate the radius of 



59 



5402319265 



IRAM & VTIC 



PAGE 88/11 







Molecular Model 








Prolate ellipsoid ol rcvoliitloti 




Rigid Todi 




Method of Preparation 




Axial ratio 0/d) 
CfllculateO liuiu 


Length in A ctilculated from 


Kcfcrcnce 






viBCOflity' 


frlctiona'l 
ratio 


double 
refraction 

ot "Ouw 


• Ught 
scattcriaR 


double 
refractioji of 
flow 




CHlnrafortn exrtractioa 
Acid resin and NaCl pre- 


200 
460 
880 .. 
700 
230 


70 
115 
265 
138 

70 


105 
62 




2500 
3400 


lOOO 
2600 
4800 


(7), 
(7) 

(7) 

(10) 

(4, S. 13) 


cipitation 
Xylcixo cjulfonatG prempita- 


700 


138 


230 


2600 


2100 




(10, 11) 


tion 

Pepain-trjrpsin, trichloro' 

ac<itic iioid preparation 
Papain, cetylpyriditiium 
Electrophoresis 
Blecti'odepoiaition 


230 

3S0 
690 
640 


70 

95 
137 
131 


64 

145 
ISO 


1605 

2080 
1 2080 


2500 




(10) 

(4, 8) 

(2, 12) - 

(10) 



t StreOulied polyaaooharido chain w^th estimated width (d) of 12 A, 
Table 4. Molecux^ab dimenstons of HYAttTRONiC acip prepared from yartou^ connective tissues 



Source 



Bovine oynovial fluid 



Human aynovial fluid 
(rheumatoid ar- 
thritis) 

Huuiiiii umbilical 

~ cord" 



Rooster comb 



Method of PreparettiOT) 



Papain, cetylpyridinium 
Ultrafiltration, papain 
Electrodeposition 
Elftrtirddepoaition 



Pepsin -try pflin 

Papain,_cctylpyndiniiim 

Cliloroform p.t? traction 
Proteolytic enzymes, pbenol, 

cetylpyridinium 
Elcotrodopoftition 
Papain, cetylpyridinium 
ElectrodepositioD 



Axinl ratio 



Molecular Mo^el 



Prolate ElHi>soid of 
revolution 



Random 





vis- 


fric- 
tiOTial 
ratio 


910 


170 






p - r.7t 


4S30 


391 


700 


8230 


322 


760 


1330" 


' 200 




3360 


327 




2020 


245 




2m 


310 


520 


650 


175 




3130 


318 


2600 



Lenjetb. in A caJculated 



double 
refraction 

of fliJvy 



10,300 



9,180 
18,100 



light 
scattering 



3900 
2900 



2100 
(sphere) 

- 6400- 

- 5400 
5000 

2450 
3900 
3700 



Refer- 
ence 



* Limiting viscosity number, concentration in grams per cc. 
t p = ellipticity. 

Kvi^tion and the length calculated from it with a certain degree of stiffness, or, in other word, 
iL molecular weight, asstin^ins that the decree. nonsolventHlrainmg, ^^^'i^^'^^y-^J.'^jf ^ 
of polydispereity was about the same ia the Laurent also calcuL^ted the s^^*^*^"^^ 
different preparations. The correlation indicated the randomly-kinked coil according w , 
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id Kuhn (17) and foimd it to be 300 A, con- 
dning 60 monosacchaa idc units. This indica^tes 
)risiderable stiffness "T iAw i^luoosidic HnkageB 
Idch can be explained by several mechanifimS; 
loh as aolvent-soHit-f. inf^^motion, Interaction 
ith proteins present in small amounts in the 
reparation, or cross-linkages. 
The problem of the; hydration of the hy- 
luronic acid molecule :h closely connected with 
yc problem of molccumr vohima. It is obvious, 
•om many experimeDt;s carried out on pure 
yEluronic acid (10) and on hyaluronic acid 
reparations containing proteins (18, 19), that 
he hydrodynamic vplume or the hydrody- 
amically effective vol u me iy many times greater 
hm that calculated from the dry partial spe- 
volume. The effective volume of a random 
bil can be calculated as an equivalent rota- 
ipnal ellipsoid of the j^rolate type, which coto- 
§nse9, then, the whole domain of the molecule 
Icluding the randomly-coikd molecular chain 
pi the water in botwf?Mm and surrounding it, flfl 
|ll as whatever additional proteins or other 
Sateriala are present ^vithin the domain. This 
&ective hydrodynamic volume was calculated 
^ various methods from, light-scattering; sedi- 
mentation and vi&cosily mtttisutements (ID), In 
fie case of low polymer hyah)ronic acid prepared 
thp vitreouB body by electrodeposition, the 
ydrodynamic specific volume was approxi- 
ktely 6, but in the case of large polymers, 
ich as hyaluronic acic prepai-ed from synovial 
j,uid and umbilical core by the electrodeposition 
- fethod, bhls value was bet-vveerx 1000 and 1S60, 
(ther authors -(J,4, 18-t?0) JouTJd^dmilarly Jiigh- 
aIuos for the hydrnd}yn?3,min specific volumes 
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both in high molecular weight hyaluromc acid 
and in hyaluronic acid, containing 20-30% 
protein, prepared from synovial fluid by ultrri- 
filtration* 

This large volume of water in the domain of 
the hyaluronic acid coil is not bound to the 
polysaccharide by long-range forces, as suggested 
by Jacobson and Laurent on the basis of dielec- 
tric studies (21). Laurent showed recently (22) 
that th^. T-my diffractogram of water does not 
change in the presence of 2% hyaluronic acid as 
one would expect if hydra tion-water in this 
amount was bound to the polysaccharide chain i 

A new i5.pproach to the problem of the solva- 
tion and chape of the hyaluronic acid mo)r?cule 
was. introduced by Laurent in studying the 
physical parameters of cetylpyridinium (CP) 
hyaluronate (umbilical cord) dissolved in methyl 
alcohol by the light-scattering method (23)- 
These studies were lalt;! supplemented by 
the experiments of Var^a, Pietruszkiewtcz and 
■Ryan (24) on CP-hyaluronate prepared from the 
vitreous body and investigated by sedimenta- 
tion^ diffusion and double refraction of flow 
methods* Table 5 summarizes their results. Thts 
molecular weight of CP-hyaluronate increases as 
expected. The radius of gyration and the length 
of CP-hyaluronate in methyl alcohol is approxi- 
mately half that of Na-hyaluronate in water, 
indicating a coiling up of the chain. The de- 
crease of the viscosity and th^ disayinmetry 
supporiy iLia fiudin^^. The length measured by 
double refraction of flow increases, suggesting 
that under the influence nf tht; shearing: force 
the mdlecule becomes- readily uncoiled. All this . 
points to' they importance of -the-solvent-solute - 
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900 
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interaction and to the effect of chargRcl groups 
on the molecular configuration of hyaluronic 
acid. 

The molecular and atomic configuration of- 
hyaluronio aoid io not well Icnown and both 
electron microscope and x-ray diffraction studies 
are inconclusive. Electron microscope, studies 
(11, 25, 26) suggest a fikmentous molecular 
chain. X-ray diffractogranis (27) showed four 
peaks corresponding to 1,3-1.5 A/ 2,5 A, 5 A 
and 10 A interatomic distance??. Laurent sug- 
gQsts that the 1.3—1.5 A peak corresponds to 
carbon-carbon and carbon-oxygen bonds, the 
2,5 A pe^ak to the distance of the second neigh- 
boring atom, and the 5 and 10 A peaks represent 
the distance between two ghicosidic bonds or 
that between uhaluft. 

CHABGES 

The hyftluronic acid molecule is negatively 
charged when the carboxyl groups on the glu- 
ouronio acid moloty are dissoriiaf^J . Titra.tion 

studies were made by Jeanloz and Forchielli 
(28), conductometrici and potentiometric titra- 
tions by PantUtschko (29) and titrations at 
different ionic strengths by Laurent (J 5). The 
intrinsic dibsuyiwtion constant wa« found by 
Laurent (15) to be 3.21, which is close to 3.33 
(the dissociation constant of glucuronic acid); 
From electrophoretic mobihty data Varga (13) 
calculated the effective charge of hyaluronic 
acid at neutral pH. In hyaluronic acid prepared 
from. the vitreous body, of the 216. anionic 
gtoupp proGent /molecule only 14 are effective 
at 0.12 ionic strength, but at 0,02 ionic strength 
this figure becomes 173, i.e. 80% of the total 
The decreased shielding effect of the small ions 
will influence the shape of the molecule, result- 
' ing in- uauuUing. and ppssible changes in the 
-solvent-solute -interaction, which, since we are 
dealing with a random coil, means changes in the" 
solvent draining through the domain of the 
molecule. Both the length measured by light 
scattering (8) and the length calculated from 
double refraction of flow (11) increase at low 
ipnio otrength. Changes in the sediTnp.ntfl.ti on 
and diffusion properties of hyaluronic acid at 
low ipnio strength can be explained on. the same 
basis (12, 13). 

The polyelectrolyte character of hyaluronic 
acid la . dearly ehown by its viscous behavior, 
the dependence of which on ionic strength has 
hpRn fttiTfJiad by several authors (7, S, 30, 31). It 
has also been shown (8) that the viscoaity- 
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concentr^ition relationship at various 
strengths follows the Fuoss equation (32) 
acteristic of polyelectrolytes. ^ 

. MOLECULAR INTERACTIONS 

The intcraQtion among the hyaluronic t 
molecules in aqueous solution can be obal 
with all of the physicochemical .raethoda \xsi 
the characterization of this molecule, Thei 
oentraticin dependence of the viscosity (m 
33), of the sedimentation and diffusion i 
cients (10, 12, 13) and of the elcctroplxr 
mobility (13) all indicate intcrmolecular ini 
tion. The concentration dependence of tl 
tinotion auji^le in double refraction of>; 
experiments (2) and the concentration de) 
ftnnA of thfi angular Hisflsrrhmetry of Ught sc) 
ing at low ionic strength indicate aggrega 
the molecules at higher concentration (16) 

The shear dependence of the limitini 
cosity number of various hyaluronic acid 
arationfl was studied with both rotatinfr r.y] 

(18, 33, 34) . and capDlary-type (30) visco 
These studies indicate that the deformabi 
the internal interaction of the hyaluroni 
molecule.? is very small. 

The eolvent-eolute interaction in varioi 
aluronic acid preparations has also been 
by correl&tmfjc the molecular weight, the 3 
viscosity number and the radius of gyratij 
10). These studies suggest that the sd 
draining or nonsolvent-draining characLcji f 
hyaluronic acid molecule depends somewl 
the method used for preparation Jinrl possi] 
the purity of the preparation as well. 
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iNCR^iASiw'G irm KER of itiveatigations 
k been concerned recently with the metabo- 
J of acid mucopotygajcharidcs. Most etudies 
p employed S^^ to .uvestigate the in invo- 
^felism of-aulfated EioiysaccharidearA^ more- 
Ited number of studi(S3 have been concenied 
in vivo turnover rates employing carboxyl 
^ed acetate and labcWd glucose as .pitJCUiTsuna. 
}ile such studies jrielc — --^ — ' * 



reKardinjc mucopolysaccharide metaboliem, 
|e information regarcing pathways of bio- 



fhesie is obtained bv 



|lthough connective l^issucg are w.ide.Iy dis- 
ced throughout the m:immal, it is difficult to 
.in tissues with a eu Bcient density of oon- 



|ive tissue cells to be 



fl'Ppropriate for studies 



Iprigiual investigations 
"s supported by gr^ts 
Jitute (H-311) ajDid the 



considerable informa^ 



these techniques.. 



^Mosyntbetic pathwajs. Smce the capsular 
"^saccharide of group A streptococci appears 



dc9cribod in this papor 
flrom the National Heart 
Chicago Heart Associa- 



to^ be identical with mammaliim HA^ (1), this 
microorganism affords a convenient tool for the 
study of biooynthcoio of BLA. 

During the past-7 years studies in this laboron 
'tory have been concerned- with the elucidation- 
of this biosynthetic pathway. It is the purpose 
of this communication to summarize these 
tidudies together with certain evidence conceiTi- 
ing the metabolism of acid mucopolysaccharides 
m m.qmmalfi. THp Rnrly studie^g, conducted in 
collaboration with Dr. Saul Roseman, were con- 

s Thp fnTlowing Rbbr^vmtiong are need in. this 
paper: hyaluronic acid, HA; cbondroitiasulfuric 
acid, CSA; uridine diphoaphoglucose, UDPG; 
Uridine diphogphoglueuroni<? acid, UCPGA; uri- 
dine dipho3p.bo-N-acetyIglucosamine, TJDPACx; 
uridine^ diphospho-N^acetylgaJactosamino, 
U.DP AGa; aoctylgluoaoaminc-6-phoophatc, 
AG-6-P; Uridine triphosphate, UTP; acetyl- 
glucosaTQine-l-phosphate; AO-l^P; adenosine 
triphoDphatc, ATPj hy/i.Iuromc acid eyntlieslaing 
system, HASS; cytidine triphosphate, OTP; . 
guanogine triphosphate, OTP; diphosphopyridine 
nucleotide, DPN. 



